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ABSTRACT

TEACHING STRATEGIES FOR INCREASING COMPUTATIONAL FLUENCY IN MIDDLE
SCHOOL STUDENTS
by
Alejandra Rios Blakeslee
May20, 2010

In light of the new Washington State K-12 Mathematics Learning Standards, it has
become a priority to help struggling students close the gap in academic achievement.
Therefore, in an effort to remediate the lack of computation and rigor currently being taught
in middle school mathematics using an investigational approach curriculum a complimentary
curriculum has been evaluated, compiled, and aligned to supplement the curriculum. The
purpose ofthis project is to compile a set of Groundworks mini-lessons, a series of tiered
lessons that targets specific mathematical skills, to be used with correlating parts of the

CMP2 curriculum with the aim of helping students (a) to increase computational fluency
needed for higher level mathematics and (b) to become familiar with and to receive
reinforcement in key mathematical concepts.
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CHAPTER I
INTRODUCTION/BACKGROUND

In light of the new Washington State K-12 Mathematics Learning Standards, it
has become a priority to help struggling students close the gap in academic achievement.
It is the intent of the State of Washington that by the eighth grade, students should

perform computations with rational numbers "fluently and adequately" in order to move
to higher level mathematics by the ninth grade (Washington State K-12 Mathematics
Learning Standards, 2008. p. 86).
Several studies and reports support the state's decision to adopt these standards.
One study found that students who take Algebra 1 in middle school are more likely to
take advanced math courses in high school (Douglas, 2008). Cavanagh (2008a) argues
that "the future economy of America will require stronger quantitative skills" (p. 13),
providing a significant reason to promote acquisition of higher level mathematical skills.
The Final Report of the National Mathematics Advisory Panel released in November
2008, states that "actions that must be taken to strengthen the American people in this
central area oflearning" (p. xi). The Panel's recommendations are a call for change in the
education system.
The new Washington standards are based on the recommendation of the 2000
National Council of Teachers of Mathematics (NCTM) National Standards for
Mathematics. This document states that "in grades 6-8 all students should- (a) work
flexibly with fractions, decimals, and percents to solve problems; and (b) compare, order
fractions, decimals, and percents efficiently and find their equivalent locations on a
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number line" (NCTM, 2000, p. 215).
Unfortunately, many middle school students in Washington are not ready to meet
the challenge. According to data collected by the Office of the Superintendant of Public
Instruction (OSPI) less than 51 % percent of the state's eighth graders are meeting state
standards (OSPI website). This outcome strongly implies that current mathematics
teaching practices and, more specifically, the "investigational approach" to mathematics
that is in use in many districts, are not well adapted to assisting students in meeting
current standards. Compounding the difficulty is the presence in several of Washington's
largest school districts of substantial populations of students of diverse cultural and
linguistic backgrounds, who appear to receive even lower benefits from the language
intensive investigational approach to mathematics (OSPI website) (see Appendix A).
The current middle school mathematics curriculum in the Highline School District
(HSD), the specific focus ofthis project, is Connected Mathematics 2 (CMP2),
investigational approach to mathematics. The curriculum is divided into units of study
that use cooperative and inquiry based lessons with the purpose of helping students
derive mathematical understanding. Although there are some supplemental materials
included with the CMP2 curriculum aimed at helping students with learning disabilities
and English Language Learners have better access to the material, they are not efficient at
helping struggling students gain full command of the material.
While the CMP2 curriculum, when used as intended by the authors, is helpful in
building the mathematical understanding needed for students to absorb the concepts
presented, several studies have found that supplementing the curriculum can help close
the achievement gap and promote more positive attitudes towards mathematics
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(Woodward, 2006). This finding is especially, although not uniquely important for
students with learning disabilities or reduced facility in the English language. An
additional challenge in HSD is that the majority of the student population is not at grade
level in either mathematics or reading as is evident in the 2008 WASL scores 5 8% and
37% respectively. Leading to the conclusion that the CMP2 curriculum, which is intended
for students who are at grade level, needs supplementation.

Purpose

The purpose of this project is to compile a set of Groundworks mini-lessons, a
series of tiered lessons that targets specific mathematical skills, to be used with
correlating parts of the CMP2 curriculum with the aim of helping students (a) to increase
computational fluency needed for higher level mathematics and (b) to become familiar
with and to receive reinforcement in key mathematical concepts. The Groundworks
lessons are to be used as introductory, in the first instance, and as a summative practice in
the second instance. The mini-lessons will be aligned to the Washington K-12
Mathematics Standards (adopted July 2008) and correlated to the units of the CMP2
curriculum as set forth by HSD's pacing guide.
The proposed lessons are intended for seventh and eighth grade classrooms
currently using the Connected Mathematics 2 curriculum. It is the intent of the project to
use the Groundworks materials to fill in the gaps in computational fluency present in the
student population. Through the use of the lesson as anticipatory exercises, students
should be able to acquire new concepts more readily.
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Limitations/ Scope

This project is designed for middle schools in the HSD, which uses the CMP2
math curriculum. The lessons have been paired to the specific mathematical skills needed
to succeed in the units of study. As such, this project may be of more limited benefit in
districts where CMP 2 is not utilized. However, the lessons are also paired to the NCTM
National Standards for Mathematic and should be adequate to pair with any other
standards-based mathematic curriculum.
Eventhough the Groundworks cun-iculum is available for elementary through
middle school levels, the scope of the lessons developed in this project span from fifth
through seventh grade since these are the years where the computational fluency needed
for reaching the ninth grade standard must be mastered. Moreover, most of the concepts
of focus are from the fifth grade materials, as that is the year when they are introduced,
and where the gaps developed. Although CMP2 curriculum includes sixth, seventh and
eighth grades, middle schools in HSD are composed only of the 7th and
Accordingly, no lessons were developed for

6th

gth

grades.

grade.

Definitions

Algorithm: step-by-step mathematical procedures that produce a correct solution or

answer (Washington State K-12 Mathematics Standards, p. iii)
Computation: a sequence of steps or actions used when operating on numbers for

producing an answer in standard form, also referred to as algorithms (Washington
State K-12 Mathematics Standards, p. iii)
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Computational Fluency: the expected level and depth of a student's knowledge of a
computational procedure (Washington State K-12 Mathematics Standards, p. iii)
Constructivism: Based on the work of Jean Piaget, it asserts that students are creators of
their own learning (Van de Walle, Karp and Bay-Williams, 2009, p. 20). A view of
learning asserting that students don't record understanding; rather they construct it
based on their experiences and background knowledge (Kauchak, Eggen and
Carter, 2002, p. 195)
Cooperative/ Collaborative Learning Theory: an organization and a process where a
small group of students work together to complete a task or project or solve a
problem (Cathcart, Pothier, Vance and Beznk, 2006, p. 18)
Elaborated help: step-by-step descriptions of how to solve problems as opposed to just
giving the final answer (Webb, Farivar, & Mastergeorge, 2002, p. 14)
Facilitator: refers to the teacher as a guide or facilitator to helping student learn; the
student's role, in conjunction with the teacher, is to develop an understanding of
why mathematics works, to investigate, and to discover (Stonewater, 2003, p. 40)
Formative assessment - the process used by teachers and students to recognize and
respond to student learning in order to enhance that learning, during the learning
(Cowie&Bell, 1999,p.101)
Heterogeneous grouping: Grouping together students of varying abilities, interests, or
ages (Van de Walle and Lovin, 2006 p. 26)
Inquiry instruction: A process in which students investigate a problem, devise and work
through a plan to solve the problem, and propose a solution to the problem. In an
inquiry classroom, concepts are introduced in order to illuminate a mathematical
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process that all participants have the chance to direct. It is the responsibility of the
teacher as 'a more experienced knower' to select students' ideas that provide a link
to mathematical concepts (Blair, 2008, p. 3)

Learner-centered or Student Centered instruction: Teachers guide learners towards a
thorough understanding of the topics they study, rather than simply explaining
content to them (Kauchak, Eggen and Carter, 2002, p. 366)

Number Sense: I-Content that interacts with and enhances the development of numbers:
measurement, data and the meaning of operations. 2-Content that is directly
affected by how well early number concepts have been developed: basic facts,
place value and computation (Kauchak, Eggen and Carter, 2002, p.125)

Pre-teaching: Advanced introduction of key concepts and terms that serve as "cognitive
anchors" on which lessons can be developed. These lessons allow students to
become familiar with upcoming lessons helping them prepare for them (Lalley &
Miller, 2004, p. 748)

Prior Knowledge: basic tenet of constructivism where existing schemas are used to
construct new knowledge (Van de Walle, Karp, & Bay-Williams, 2009, p. 20)

Schema: cognitive structure that one constructs by putting pieces of knowledge together
(Cathcart, Pothier, Vance and Bezuk, 2006 p. 18)

Self Regulated Learning Strategies- Self-regulated learning (SRL; SELFREG):
pertaining to metacognitive (thinking about your own thinking) and management
such as planning, skimming, and comprehension monitoring and students'
persistence at difficult/ boring tasks and working diligently (Shores, 2007, p. 236)

7

Self-regulated learners: defined as active participants in their own learning. They select
from a repertoire of strategies, implement these strategies in goal-directed
activities, and monitor their progress using these strategies. Self-regulation
involves the control of cognitive and metacognitive processes as well as volitional
and emotional control (Pape and Wang, 2003, p. 420)

Summative assessment: cumulative evaluations, such as end-of-unit test or standardized
test, which might generate a single score (Van de Walle, Karp, & Bay-Williams,
2009, p. 76)

Teacher Centered/ Direct Instruction: Teaching approach where teachers carefully
specify objectives, present content to be learned, and actively direct learning
activities. With this approach teachers model and explain the solution to a
problem and then have students practice both guided and independently
(Kauchak, Eggen and Carter, 2002, p. 366)

CHAPTER II
REVIEW OF THE RELATED LITERATURE

Process of Evaluation

This project seeks to combine the CPM 2 and Groundworks curricula in
order to create cohesive instructional units that can increase computational fluency in
middle school students. With this in mind, the following topics that lay the foundation
for this effort: Assessment, Current Practices, "Math-Wars," Interventions, Affect,
and Curriculum. These seven topics were chosen because these are the major areas
that influence mathematical competency and fluidity.

Assessment

To ensure deep, high-quality learning for all students, assessment and
instruction must be integrated so that assessment becomes a routine part of
the ongoing classroom activity rather than an interruption. Such assessment
also provides the information teachers need to make appropriate instructional
decisions.
National Council of Teachers ofMathematics (2000)

In mathematics, classroom assessment is critical. Beyond grades and
statistical applications, assessment helps determining what students do and do not
comprehend. In order to plan according to students' needs, educators rely on these
assessments for grading, identification of special needs, motivation, and monitoring
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of effectiveness (Ohlsen, 2007, p. 5). Although it has traditionally been assumed that
the primary purpose of assessment is to grade students, assessment should also be
used to inform and guide teachers in their future instructional strategies.

Summative vs. Formative Assessment

In the Handbook ofFormative and Summative Evaluation ofStudent Learning
(1971), Bloom et al. defined surnmative assessment as tests given at the end of
episodes of teaching (units, courses, etc.) for the purposes of grading or certifying
students or evaluating the effectiveness of a curriculum (Furst, 1972, p.86 ).
Surnmative assessments include state testing, unit test, quizzes, and other assessments
that measures mastery.
Several researchers have noted the limited utility of summative assessment in
guiding educators in lesson planning. Fore et al. (2007, p. 325) contended that
"summative evaluation is important as a measure of accountability (i.e., to what
degree are students meeting established standards), but does not offer the feedback
needed for teachers to make day-to-day adjustments in their teaching." Allsopp,
Kyger, Lovin, Gerretson, Carson, & Ray (2008, p. 6) mirrored this perspective,
noting that that "the results of such testing can help schools and teachers determine
students' performance in general domains within the K-12 mathematics curriculum,
but they are not designed to provide educators with the type of diagnostic information
necessary to plan instruction for struggling learners" They believed that "by their very
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nature, such assessments [summative] are not suited to individualization, their
adaptability for addressing both diverse curricula and student learning needs is
limited" (Allsopp et al., p. 1). Summative assessments do give some valuable
information by giving the educator a glimpse into the effectiveness of his or her
instruction, but is of limited aid in adjusting the course of instruction on a day-to-day
basis the individualized needs of present students.
On the other hand, formative assessment, defined as the "the process used by
teachers and students to recognize and respond to student learning in order to enhance
that learning, during the learning" (Cowie & Bell, 1999, p. 101), does provide
teachers with information that can guide instructional decision making. An
assessment is deemed "formative" when the feedback from learning activities is
actually used to adapt the teaching to meet the learner's needs (Black & William,
1998).
One type of formative assessment that has shown promise in the evaluation of
mathematic understanding is the Mathematics Dynamic Assessment (MDA). In an
article published in Teaching of Exceptional Children, the authors claim that "this
method provides teachers with important information about what students do and do
not understand about foundational mathematics concepts, students' levels of
understanding and abilities to express their understandings, and where students are in
the learning sequence" (p. 1). This type of testing can be very beneficial to classroom
teachers as it allows them to evaluate students' mathematical understanding and
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facilitate the design oflessons aimed at addressing the specific needs of their students
(Allsopp et al., 2008).
State testing

In recent years standardized testing has been assigned utmost importance.
Accelerating this trend, the passage of the No Child Left Behind Act of 2001 (NCLB
2001) mandated that school districts test their students and report their findings. In a
2009 letter to Washington's Superintendent of Public Instruction, the assistant U.S.
Secretary of Education states that "the Department's new Title I regulations provide
for greater scrutiny to states' accountability systems" (p. 1). The letter quotes former
Secretary of Education Margaret Spellings as saying "what gets measured gets done"
(Briggs, 2009, p. 1). Such statements are emblematic of views that state testing is the
ultimate measure of achievement and that teachers are ultimately responsible for
instruction.
The importance placed on state testing has forced teachers to change their
teaching methods and has given rise to new concerns. A recent study reported that,
due to the stakes placed on these state tests, "teachers tended to spend more time (a)
teaching to the test in a game-like manner, (b) focusing on test-taking skills such as
drills, (c) coaching for the test, and (d) practicing sample test items" (Boyd, 2008, p.
253). The statements made by these authors are concerning as the trend in state
testing continues to drive decisions made at the administrative level as well as at the
classroom level.
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Beyond the skepticism of whether or not teaching to the test has merits, is the
reality oftest scores. According to the Nation's Report Card: Mathematics 2009,
fourth graders had virtually no increase in test scores between the years 2007 and
2009. They state that "the percentages of fourth-graders performing at or above Basic
(82 percent) and at or above Proficient (39 percent) in 2009 were unchanged from
those in 2007 ."However, there was an increase in scores for eighth graders. They
found that although the increases are not as robust as it had been, "the percentages of
eighth-graders performing at or above Basic (73 percent) and at or above Proficient
(34 percent) in 2009 were higher than those in 2007 and in all earlier assessment
years" (p. 9). Unfortunately, they state that there is still evidence of educational gaps
between racial groups (National Center for Education Statistics, 2009).

Current Practices: An Overview

"'The basics' of number and operations for all students, including those who
struggle, must address all three aspects of numerical proficiency-computation,
number sense, and problem solving. Only when the basics include understanding as
well as skill proficiency will all students learn what they need for their continued
success. "
Marilyn Burns (2007, p. 1)

Recent trends in education coupled with legislation (especially NCLB) have
led to some positive changes in the way mathematics is taught. For example, students
are often not just given textbooks and examples, but are instead given the opportunity
to interact with the material (Remillard, 2005), but generally, there remains a great
deal of work to be done in order to close the math gap.
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A 1999 study designed to evaluate children's understanding of whole and
rational numbers development by Moss and Case found that "for deep conceptual
understanding, contemporary analysts are clearly urging us to create curricula that
will help children develop better overall conceptions of the rational number system"
(p. 124). Furthermore, the study found four explanations for why students strnggle
with computation. These are: 1) Syntactic versus semantic emphasis in training: too
much time is spent teaching procedures rather than teaching conceptual meaning. 2)
Adult- versus child-centered instruction: students are not given the time to make
sense of the rational numbers. Instead, they are asked to learn by rote. 3) Use of
representations in which rational and whole numbers are easily confused: rational
numbers are not represented intuitively. And 4) Problems with notation: teachers
often give a definition or example without regard to explanations. See Appendix B.
The author states that these explanations "are not mutually exclusive," and that there
is some risk in that rather than utilizing various practices educators are "inclined to
pursue a particular sort of curricular reform" (Moss & Case, 1999, p.123).
Collectively, these explanations can account for a major portion of the
misconceptions and misunderstandings that plague young mathematicians.
Another popular reform has been the concept of self-regulated learning, where
students are active learners in the acquisition of concepts and are "able to select from
a repertoire of strategies and to monitor their progress in using selected strategies
toward a goal" (Pape and Smith, 2002, p. 94). However, in order to develop selfregulated students teachers need to present mathematical experiences" that are rich,
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engaging, and offer the opportunity to "reason mathematically" in order to help
students "construct mathematical knowledge through exploration and problem
solving" (p. 93). The ideas of Pape and Smith are embedded in the fundamental
theory behind the investigational approach to mathematics education that is currently
in practice.
However, although these are powerful concepts, they may not be the best
approach in all situations. In certain settings, the return to direct instruction has been
identified as a promising teaching practice. Flores and Kaylor (2005) claim that direct
instruction can:
ensure efficient student learning through: (a) organizing central concepts and
strategies in ways that allow application across multiple contexts; (b)
providing clear and systematic methods of teacher communication, decreasing
the likelihood of student misunderstanding or confusion; (c) the use of formats
involving structured verbal exchanges between students and teachers,
allowing for increased student engagement, ongoing progress monitoring, and
repeated verbal practice; (d) strategically integrating skills to ensure efficient
learning and understanding; and (e) arranging Instructional concepts into
tracks in which learning develops across the length of the program while
providing ongoing review and generalization (pp. 85-86).
Having been effectively used with students with learning disabilities, the application
of direct instruction was revisited as a reform to help struggling math students.
Consequently, in the last decade much has been done in the way of reforming
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mathematic curriculum. Primarily this reform has included switching to a more childcentered, inquiry based system. For example, Burns (2005) believes that "students
need to be exposed to a curriculum in which they are active pai1icipants in their
learning and are asked to think mathematically, not just do" (p. 28). That is, students
need to be able to look at mathematical situations from a variety of different
perspectives allowing them to remain flexible in their thinking.
To this effort, many districts have spent countless professional development
hours and dollars getting teachers to utilize inquiry based curricula. Chapko and
Bushko, two elementaiy school principals from Indiana, have embarked in the
process of switching from traditional math methods to inquiry based instruction
because they believe that "[traditional math instruction may] work in the short term,
but [those] students who cannot remember the procedures, or do not understand why
they are using them, will inevitably forget them and have difficulty moving on to
higher levels of mathematical thinking" (Chapko & Buchko, 2004, p. 32). Under this
framework, developing mathematical thinking skills will help students derive the
mathematical concepts when simple recall fails them.
With this in mind, implementing an inquiry approach to teaching mathematics
is driven by the idea that instruction should move from a teacher-centered approach to
a student-centered one providing a more meaningful and effective way for students to
learn" (p. 235). Likewise, "the task-based, interactive mathematical activity that is
provided in such a class offers learners a qualitatively different mathematical
experience, and hence possibilities for mathematical learning and knowledge
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development" (Adler, 1997, p. 225). This approach is beneficial as it provides
students the opportunity to create their own learning and facilitating future acquisition
of higher mathematical concepts.

Revisiting the "Math Wars"
"Throwing out the baby with the bath water may well characterize scientific
revolutions, but in the world of education and schooling, where new claims
must be tempered with the wisdom ofpractice, progress is rarely made in such
spectacular fashion. "
Lloyd Bond, pg. 3 (2005)

In March 2008 the National Mathematics Advis01y Panel (NMAP) released its
report on improving America's education system which concluded that the education
system is "broken and must be fixed" (p. 13). Furthermore, the report indicated that in
order to develop a competitive workforce, educators should recognize three ideas
about how children learn. These are: "a) the advantages for children in having a
strong start; b) the mutually reinforcing benefits of conceptual understanding,
procedural fluency, and automatic recall of facts, and, c) that effort, not just inherent
talent, counts in mathematical achievement" (p.14). The panel's claims suggest that
teaching practices need to reflect the pedagogical shift towards child-centered
instruction while maintaining some of the rigor found in direct instruction.
In a review of the panel's report, Cavanagh mentions that the controversy of
"math wars" has resurfaced. The arguments of the l 970- l 980s have resurfaced and
educators, publishers and parents are weaving through the literature to adapt to
changing times once more and having to choose sides between "those who argue that
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students should be grounded more firmly in simple math procedures and those who
prescribe a more conceptual approach to teaching and learning" (Cavanagh, 2008b, p.
12). In short, the debate over conceptual mathematics versus "going back to basics"
and returning to a more direct instruction method has come full circle.
Advocates of "going back to basics" believe that student learning must be
grounded in basic math computation in order for students to be able to solve complex
mathematics, which requires problem solving skills. This includes addition,
subtraction, multiplication, division, and number sense (Bums, 2007; Faulkner, 2009;
Mccallum, Skinner, Turner, & Saecker, 2006). These authors believe that these
concepts are best learned from drill and practice techniques and directed instruction.
On the other side are those advocates of conceptual mathematics in favor of
reform mathematics, who feel that it is not sufficient for students to learn to do the
math and emphasize instead that students need to learn to think mathematically
(Berry & Nyman, 2002; Cavanagh, 2008a, Chapko & Buchko, 2004; Knodt, 2009).
The National Mathematics Advisory Panel believes that "debates regarding
the relative importance of conceptual knowledge, procedural skills (e.g., the standard
algorithms), and the commitment of addition, subtraction, multiplication, and division
facts to long-term memory are misguided" (p. xix). They find that "these capabilities
are mutually supportive, rather than mutually exclusive and each can facilitate the
learning of the other" (p. xix). The panel also "questions the all-encompassing notions
that instruction should be either entirely "student centered" or "teacher directed" and
finds that neither view is properly supported by research" (p. xxii). They argue that
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"If such recommendations exist, they should be rescinded, if they are being

considered, they should be avoided" (p. xxii). With this in mind, it is feasible to
supplement curricula which use conceptual understanding as their primary approach
with lessons intended to teach computation methods. Ideally, this can provide a
middle ground where the tension between these extreme positions can be at least
partially resolved. Generally speaking, there is cause to believe that neither side
should take preference over the other, and that there is validity to both perspectives,
as argued by those like Bond (2005) and Mccallum et al. (2006) who find that "low
level skill must become second nature as a foundation for higher level performance to
emerge" (p. 2). In addition, it is hard to argue against the view that "students who can
perform basic math operations both rapidly and accurately may (a) be more likely to
choose to do additional math tasks, (b) learn advanced math concepts and tasks more
rapidly and with less effort, and (c) be less likely to have math anxiety than students
who can perform basic operations accurately but slowly" (p. 427). Generally
speaking, there is cause to believe that neither side should take preference over the
other. There is validity to both practices.

Interventions

When students are not demonstrating competency, it may be necessary to use
interventions. The traditional approach for dealing with struggling students has been
to have them practice more. According to Van de Walle (2010), the concept of drill
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and practice has been the cornerstone of mathematics education in America, to the
point that "the phrase 'drill and practice' slips off the tongue so rapidly that the two
words drill and practice appear to be synonyms"(p. 69). He defines drill as a
"repetitive, non-problem-based exercise designed to improve skills or procedures
already acquired" (p. 69). He mentions that it has been common practice to assign a
set of exercises as homework, to be completed independently, regardless of whether
the student understands the material or not. He asks his readers to ask themselves this
question: "Will drill build understanding" (p. 69)? In fact, he states that often drill
exercises are assigned in order for students to solidify their understanding, rather than
to practice what they have learned.
This feeling is shared by Battista (1999) who goes even further in criticizing
traditional teaching methods as "mindless mimicry mathematics" (p. 427), which
encourages mere repetition of what has been heard rather than fostering
understanding. Both Van de Walle and Battista agree that drill and practice are not
intended to teach. Rather they are to be used as practice of what has been learned.
However, other interventions have proven useful, such as small group
instruction where students are given independent guidance and their progress and
needs are evaluated more readily. An added benefit of working in a small group is
that it gives students the ability to work cooperatively which has the potential to allow
all members of the group benefit from the exchange. For example, "teamwork gives
students the opportunity to "speak mathematics" and can thus sharpen their skills and
understanding" (Berry & Nyman, 2002, p. 643). Even when the groups are

20

heterogeneous in ability, there are opportunities for all to benefit. Moreover. "both
the help-giver and the help-receiver stand to benefit from elaborated help" (Webb,
Farivar, & Mastergeorge, 2002, p. 13).Working in a small group helps explainers
"clarify and reorganize the material in their own minds" (p. 14) because the way
students explain things to each other differs greatly from how adults explain. This
adds a distinct layer to their understanding.
In an effort to find a way to help students who lack basic math concepts,
Burns (2007) identified nine strategies of successful intervention instruction. They
are: determine and scaffold the essential mathematics content, pace lessons carefully,
build in a routine of support, foster student interaction, make connections explicit,
encourage mental calculations, help students use written calculations to track
thinking, provide practice, and build in vocabulary instruction. This is paralleled by
the NMAP report (2008) who recommends that by the end of the sixth grade students
"have a robust sense ofnumber[s]. This sense ofnumber[s] must include an
understanding of place value and the ability to compose and decompose whole
numbers; it must clearly include a grasp of the meaning of the basic operations of
addition, subtraction, multiplication, and division" (p. 17). This is further supported
by the National Council of Teachers of Mathematics whose standards state that
instructional programs should enable students to "develop and analyze algorithms for
computing with fractions, decimals, and integers and develop fluency in their use" (p.
215). Following these recommendations may lead to more proficient students who are
capable of applying complex strategies to their mathematical thinking.

21

Affect

The more learning is rewarding and enjoyable and the less it is boring or
anxiety-producing, the more students will seek it for its own sake.
Schweinle, Meyer & Turner, (2006, p. 271)

Everyday educators are faced with the dilemma of how to deliver a lesson to a
group of students of varied ability while maintaining their engagement level high.
Teachers labor over what to put into their lessons and how to deliver them, and yet
their students are still struggling. One reason for this can be affect. According to a
recent study on self-regulation, "motivation, anxiety and attributions were found to be
significantly related to academic performance" (Shores & Shannon, 2007, p. 225).
Moreover, as the teaching of mathematics moves in the direction of problem solving,
discussion and critical thinking, students are being required to be motivated to learn.
The term "motivation for engagement" has been said to "describe the degree to which
students choose to actively participate in the classroom activities available to them"
(Williams & Ivey, 2001, p. 77). This implies that how students see themselves and
their abilities in mathematics has a strong influence on how they relate to the material
and ultimately on their success (Boekaerts, 1996).
The NMAP (2008) found that "persistence in mathematics learning increases
when children believe that their efforts to learn make them "smarter," (p. xx).
Moreover, studies have shown that there is a significant correlation between a
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student's attitude and their ability to learn (Malmivuori, 2006) and between enjoyable
learning and learning and learning for its own sake. (Schweinle & Meyer, 2006, p.
271 ). That is, affect plays a very important role in how students learn. Increasing their
self confidence may lead to higher engagement and greater knowledge acquisition.

Curriculum

Connected Mathematics Project 2

With the current emphasis being placed on teaching practices it is of
noteworthy to focus on the curriculum that is provided to teachers. One such
curriculum is Connected Mathematics 2(CMP 2), Pearson Prentice Hall. This
curriculum is an investigational, cooperative and inquiry based approach to
mathematics, which is divided into units of study and use a lessons to help students
derive their mathematical understanding. This curriculum, when implemented as it is
intended by the authors, is helpful in building the mathematical understanding needed
for students to internalize the mathematical concepts that are presented.
In November 2008 Claremont Graduate University submitted their final report
on a randomized control study focused on studying the effects of student performance
when using Connected Mathematics Project 2. Their study focused on five major
research questions. Their findings are summarized as follows:
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(1) How do student outcomes differ for students using CMP 2 compared to

other mathematics programs? The study found that students using the CMP 2
cmTiculum scored comparably on standardized mathematics assessments, however
other indicators demonstrated that CMP 2 students significantly outperformed control
students on assessments that reflect mathematical reasoning, problem solving and
communication.
(2) How do students with different characteristics (e.g., various ethnicities,
etc.) who are participating in CMP 2 perform on student-related outcomes? CMP 2
students stated that math was more fun, were found to have a better perception of
their teacher and were less likely to feel that math was a "waste of time."
(3) What is the relationship between program implementation and student
achievement in mathematics? For the most part results were comparable for both the
CMP 2 students and the control with the exception of marginally significant results
where there was a slight difference on how gender or ethnic groups pe1formed. This
indicates that for some groups of students CMP 2cmTiculum is effective at shrinking
the achievement gap.
(4) How do students using the CMP 2 curriculum perform on outcome
measures from pretest to post-test? The study showed that treatment students
significantly increased their mathematical computational knowledge, their
mathematical reasoning and problem solving ability.
(5) What is the relationship between students' attitudes toward mathematics
and their achievement in mathematics? Besides the findings that suggest that Latino

24

students in the treatment group performed better (and thus CMP 2 might help close
the educational gap) no significant group differences were found between the
treatment and the control groups (Eddy & Berry, 2009).

Groundworks

Several studies have found that supplementing mathematics curricula with
interventions and/or supplemental instruction can help close the achievement gap and
can help develop healthier attitudes towards mathematics (Woodward, 2006). With
this in mind, the second curriculum of focus is Groundworks from Creative
Publications. This curriculum is available for grades one to seven and focuses on six
main algebraic concepts. They are: representation, proportional reasoning, balance,
variable, function, and inductive and deductive reasoning.
Although no literature was found which explicitly evaluated the Groundworks
materials, one review article did evaluate the materials for their usefulness in teaching
algebra to elementary and middle school age students. The materials were found to be
"lively" (p.2). In addition, the author stated that the materials "prompt[ed] the
students to use logic to make inferences" (p. 2). Furthermore, the Groundworks
material "challenges" students to think logically and meets Washington State k-12
standards and NCTM's Algebraic Thinking strand (Burton & Newman, 2001).

CHAPTER III
PROCEDURES

In May of2009 the opp01tunity arose to evaluate the Groundworks curriculum
in an eff01t to introduce a new class opener for middle school math classes at Pacific
Middle School. This endeavor was unde1taken in collaboration with Holly Sullivan,
Math 8'11 teacher at Pacific Middle School. However, in the process it became clear
that the potential ofthis curriculum laid in its alignment to the new 2008 Washington
State K-12 Mathematics Standards and to the current cuniculum, Connected
Mathematics 2 (CMP 2), which is being used in Highline School District.
This thesis project is composed of paced guides that outline a progression of
Groundworks lessons to be used as anticipatory activities in conjunction with the
CMP 2 cuniculum. They are intended to be used in Highline School District's Math 7
and Math 8 classes. However, given that the lessons are aligned to Washington
State's new Mathematics standards for 7'11 and

gth

grades, they can easily be realigned

to any state approved curriculum being utilized.

Project Development
The project began in the spring of2009 as a collaborative effort of the
mathematics department at Pacific Middle School to unify the class openers being
utilized. After looking at the Groundworks curriculum it became evident that its
potential laid in filling in the gaps in computational fluency and number sense left by
the investigational style of the cuniculum being used by the district.
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Resource collection for this project began in summer of2009 at the Central
Washington University Ellensburg campus. Initial research was geared towards
identifying current theory of investigational mathematics, cooperative learning theory
and anticipatory instruction as a means of improving computational fluency.
To this effect, resources were collected using Central Washington
University's electronic databases and search engines. The databases accessed to
accomplish this included, JSTOR, Ebsco, Wilson Web, and ERIC.
Preliminary resources were obtained, sorted, and categorized according to
their relevance towards the topic to be discussed. These included five major aspects
of mathematics education at the middle school level: Computational fluency,
Investigational/inquiry instruction, Affect, Interventions, and Current practices. Once
resources were sorted writing began in the fall of 2009. As new question arose
additional references were sought and re-categorized as new topics were identified.
Subsequent resources were gathered using specific Boolean searches of the databases
targeted at the topics of interest.
This paper is being presented for review in spring 2010 to the faculty of
Central Washington University, Des Moines campus, under the guidance of Prairie
Brown and Dr. Steven Schmitz.
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PROJECT IMPLEMENTATION

This thesis project is intended to be used as a resource for middle school
mathematics teachers at Highline School District who are using the CMP2 cmTiculum
and who have access to the Groundworks curriculum. The lessons selected are all
aligned to the state standards and are intended to supplement the CMP2 cu1Ticulurn in
order to fulfill Washington State's computational fluency requirements.
The rationale behind this project is that mathematics is a states focus area and
as such Highline School District is determined to implement measures that lead to
increased computational fluency and higher test scores. With the new added
computational fluency requirements, which are not being fully met by the
investigational approach of the CMP2 cU1Ticulurn, these lessons are of paramount
importance.
The lesson guides in this project are designed as recommendations for Math 7
and Math 8 CMP2 teachers to implement as they see fit. The goal is that these lessons
be used as five to ten minute anticipatory lessons, bell work, class openers, or
culminating/exit tasks.

CHAPTER IV
THE PROJECT

This Master's project introduces the Groundworks curriculum and pairs it to the

Connected Mathematics Project 2 (CMP2) curriculum. The rationale behind this pairing
is that the current middle school mathematics curriculum being used in Highline School
District, CMP2, is an investigational approach to mathematics, as such it lacks ample
computational fluency practice. While the Groundworks curriculum is not a stand-alone
product it is capable of providing adequate practice as either an anticipatory set, or a reteach tool. Both curricula are divided into units of study and use a cooperative and
inquiry based approach to learning. In CMP2 students derive their mathematical
understanding though investigations while in Groundworks, the lesson is teacher directed,
but the concept building is co-operative and investigative in nature.
The project is presented as unit guides that detail the CMP2 lesson, a list possible

Groundworks lessons that would compliment that lesson, what book these are found in,
and the concepts being taught. These guides are paired by Washington State K-12
Mathematics Learning Standards (WA K-12 Standards) and by concepts by grade levels.
These guides serve seventh and eighth grade classrooms with access to both the

CMP2 and the Groundworks curricula. They are currently in use in Highline School
District's Pacific Middle School and are scheduled to be used in Cascade and Chinook
Middle Schools starting the 2010-2011 school year.
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7th Grade- Connected Mathematics 2
Stretching and Shrinking
WA K-12
Standard
7.1.C

7.2.1

CMP 2 Investigation

September-October (27 days)

Groundworks® Unit

Groundworks®
Book

Page
number

Inv. 1: Enlarging and
Reducing Shapes

In the Drawer

Algebraic Thinking

24-31

•

Generate equivalent
rations

Inv. 2: Similar Figures

Better Buy

48-55

•
•

Equivalent ratios

5

Algebraic Thinking
5

7.2.1

Inv. 3: Similar
Polygons

Concepts

Place the Shapes

Reasoning with
Geometry 5

8-15

•

•
7.1.C

7.2.C

Similarity and Ratios

Inv. 5: Using Similar
Triangles and
Rectangles

Reasoning with
Numbers 5

Ratio Round-Up

Shape Search

Reasoning with
Geometiy 5

u

40-47

16-25

Identify relationships

Identify common
attributes of 2-D
shapes
Similarity

•

Understand the
phrase "for eve1y"

•

Use proportional
reasoning

•

Recognize and name
different polygons
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7th Grade- Connected Mathematics 2
Comparing el" Scaling
WA K-12
Standard
7.2.D

CMP 2 Investigation
Inv.

I

October-November (26 days)

Groundworks® Unit

Groundworks®
Book

Page
number

What's the Measure

Measurement

64-71

Reasoning with
Measurement 5

Making Comparisons

Concepts

•

•
7.2

Inv. 2:

7.2.D

Comparing Ratios,
Percents, and
Fractions
Inv. 3:

Ration Roundup

Reasoning with
Numbers 5

40-47

•
•
Weight Scales

Algebraic
Thinking 5

48-55

lnv.4

Unit Prices

Reasoning with

40-47

Measurement 55

Making Sense of
Proportions

•

•

Comparing and
Scaling Rates

7.2.1

•

•
•

v

Interp1·et and use
scales to determine
the dimensions of
objects
Use proportional
reasoning
Using proportional
reasoning
Review the phrase:

for every
Calculate unit costs
Identify GCF and
LCM of three
numbers

Determine unit
prices
Use proportional
reasoning
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7th Gracie- Connected Mathematics 2
Accentuate the Negative
WA K-12
Standard
7.5.A

CMP 2 Investigation
Inv.

I

December-January (26 days)

Groundworks® Unit

Groundworks®
Book

Page
number

Average Temperature

Reasoning with Data
and Probability 5

17-24

Extending the
Number System

7.5.A

Inv. 2:

Inv. 3:

Get the Point

Algebraic
Thinking 5

1-8

lnv.4

Forth and Back

Algebraic
Thinking 5

88-95

•
•

Reasoning with
Numbers 5

Order Please!

Properties of
Operations

v

•
•
•

Multiplying and
Dividing Integers

7.5

•

•

Adding and
Subtracting Integers

7.5

Concepts

u

u2-119

Construct a line
graph
Understand
temperature
relationships
Make inferences
Review coordinate
grid
Read/ interpret
graphs
Use inverse
operations
Sequencing

•

Compute values by
applying order of
operations

•

Use logical reasoning

v

35

7th Grade Connected Mathematics

January (7days) & May/June

2

What Do You Expect?
WA K-12
Standard

CMP 2 Investigation

Groundworks® Unit

Groundworks®
Book

Page
number

7.4.A

Inv. I Qanuary)
Evaluating Games of
Chance

Making Spinners

Reasoning with Data
and Probability 5

72-79

Concepts

•
•

Understand and use
language of
probability
Compute probability

7.4.A

Supplemental

In the Hat

Reasoning with Data
and Probability 5

64-71

•
•

Make organized lists
Identify different
combinations

7.4.B

Supplemental

In the Bag

Reasoning with Data
and Probability 5

80-87

•

Use logical thinking

7.4.B

Supplemental

Is it Fair?

Reasoning with Data
and Probability 5

88-95

•

Compute probability
and fairness

v

v
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7th Grade Connected Mathematics 2
Moving Straight Ahead
WA K-12
Standard
7.1.E

CMP 2 Investigation
Inv.

I

February-March (30 days)

Groundworks® Unit

Groundworks®
Book

Page
number

Pan Balances

Algebraic
Thinking 5

32-39

Concepts

•

Walking Rates

7.1.E

Inv. 2:

equality

Shape Equations

Algebraic
Thinking 5

56-63

Exploring Linear
Functions with
Graphs and Tables
7.1.G

7.1.G

Recognize that

balanced represe nts

Inv. 3:

Mobiles

Solving Equations

**

Inv. 4

Pan Balances

Exploring Slope

**

•
•

Replace variables
with numbers
Identify
1·elationships among
variables

Algebraic
Thinking 5

40-47

•
•

Equality
Balancing equations

Reasoning with
Numbers 5

32-39

•

Balance and equality

**"Block Balance" (Reasoning with Numbers 6, p.32-39) may be substituted for either investigation 3 or 4. This lesson offers practice in
solving us ing substitution.

v
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7th Grade Connected Mathematics 2

March-April (25 days)

Filling and Wrapping
WA K-12
Standard

CMP 2 Investigation
Inv.

7.i..C

1.

Groundworks® Unit

Groundworks®
Book

Page
number

Surface Area

Reasoning with
Measurement 5

80-87

Designing Rectangular
Boxes

Figure it Out

Inv. 3:

7.3.D

Reasoning with
Measurement 6

96-103

Prisms and Cylinders

Concepts

•

Find and understand
surface area of a 3dimmensional figure

•

D etermine
dimensions of prisms
given volume and
perimeter

•
•

Find area of a circle
Find circumference of
a circle
Determine the area
and perimeter of a
polygon

•
Inv. 4:

Gift Boxes

Reasoning with
Measurement 6

104-111

Cones, Spheres and
Pyramids
7.3.C

Find the Ratios

Inv. 5

Reasoning with
Measurement 7

64-71

•

Use deductive
reasoning

•

Find volume and
surface

•

Understand the
relationship between
corresponding side
ratios and
area/ perimeter
Scaling

Scaling Boxes

Invest1gat1on 1 1s taught

111

tbe 6

th

•
grade, and as such 1t 1s not mcluded 1n these guides.

u
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Grade- Connected Mathematics 2.
Data Distributions

April-May (25 days)

7th

WA K-12
Standard
7.4.C

CMP 2 Investigation
Inv.

I

Groundworks® Unit

Groundworks®
Book

Page
number

Fit the Numbers

Reasoning with Data
and Probability 5

33-40

Making Sense of
Variability
7.4.C

Inv. 2:

Concepts

•
•

Average Temperatures

Reasoning with Data
and Probability 5

i6-23

Making Sense of
Measures of Center

•
•

Use logic to solve
problems
Mean, median, and
mode
Estimate mean from
a line graph
Compute mean from
a data set

7.4.D

Inv. 3:
Comparing
Distributions: Equal
Numbers of Data
Values

Stem aod Leaf Plot

Reasoning with Data
and Probability 5

8-15

•

Identify the mode

7.4.D

Inv.4
Comparing
Distributions:
Unequal Numbers of
Data Values

Name that Graph

Algebraic
Thinking 6

8-15

•
•

Identify graphs
Math mathematical
relationships
between words and
pictu1·es

7+D

extra

Branching Out

Reasoning with Data
and Probability 5

viii-7

•

Identify outcomes of
experiments with
three variables

u
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WA K-12
Standard
8.1.F

CMP 2 Investigation
Inv.

1

Groundworks® Unit

Groundworks®
Book

Page
number

Functions and Graphs

Algebraic
Thinking 7

96-102

Concepts
•

Making tables and
graphs to represent
data

•

Describing
relationships
between variables

•

Identify
relationships among
variables

•

Solve linear
Equations

Exploring Data
Patterns

8.1.F'

Inv.

2:

Shape Equations

Algebraic
Thinking 6

Linear Models and
Equations

u
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•

o netted
WA K-12
Standard
8.2

CMP 2 Investigation
Inv.

I

Groundworks® Unit

Groundworks®
Book

Page
number

What's the Point?

Algebraic
Thinking 7

viii-7

Connect the Dots

Reasoning A bout
Geometry 6

•
•

Visuali::e polygons
Construct polygons
by connecting dots

Triangular Prisms

Reasoning A bout
Geometry 7

•

Find the relationship

Coordinate Grids

8.2

Inv.

2:

Concepts
•

Interpreting scatter
plots
• Coordinate grids
• Mathematical
relationships in
_ _ _ _ graphs _

Squaring Off

Inv. 3

between the sides of

The Pythagorean
Theorem
lnv.4

a triangle using

Pythagorean theorem
Pythagorean Paths

Reasoning About
Mathematics 7

Using The
Pythagorean Theorem

•

Apply the

•

Pythagorean theorem J
Find distances

~------------------------------------~

u
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WA K-12
Standard
8.1.A

CMP 2 Investigation
Inv.

I

Groundworks® Unit

Groundworks®
Book

Page
number

Weighing Blocks

Algebrnic
Thinking 6

48-54

•

Place it Right

Algebraic
Thinking 7

40-47

•
•

Balance It

Algebraic
Thinking 7

33-39

•

-

Concepts

Equivalent expressions

8.1.A

Inv.

2:

Identify
relationships
presented
symbolically
Make inferences
Recognize equality

Combin111g
Expressions
8.1.A

Inv. 3
Solving Equations

u

Use substitution as a
method of solving
equations
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WA K-12
Standard
8.3

CMP 2 Investigation
Inv.

I

Groundworks® Unit

Groundworks®
Book

Page
number

What Is N?

Reasoning with
Data and
Probability 6

32-39

The Point Is?

Algebraic
Thinking 6

1-7

Comparing Data Sets

8.3

Inv. 2

What's the Data?

Reasoning with
Data and
Probability 7

Choosing a Sample
from a Population

8.3

Inv. 3

What's the Mean?

Reasoning with
Data and
Probability 6

Solving Real Wodd
Problems

8.3.C

Inv. 4

Average Distance

Reasoning with
Data and
Probability 6

Relating Two
Variables

u

Concepts

•

Identify mean and
median of a set of
data

•

Mathematical
relationships

32-39

•

Interpret the mean,
median, and range of
a data set

40-47

•
--•

Sampling
distributions
Interpret data sets

•

Range

•

Construct a scatter
plot

u
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WA K-12
Standard

CMP 2 Investigation

Groundworks® Unit

Groundworks®
Book

8.5

Probability

Any

Reasoning A bout
Data and
Proportions

8.4.B

Geometry

Missing Angles

Reasoning About
Mathematics

8.3.G

Numbers and
Operations

Three Rings

Reasoning About
Data and
Proportion

u

Page
number

8-t4

24-30

Concepts

•

probability

•

Understand
supplemental and
complementary
angles

•

Angle sums in
polygons

•

Use logical 1-easoning
to solve problems

•

Venn Diagrams

44

CHAPTERV
SUMMARY, CONCLUSIONS, RECOMMENDATIONS

Summary
Soon after starting the collection of resources it became evident that there
have not been enough studies aimed at the evaluation of investigational curriculums
in the area of mathematics. Furthermore, there are not that many resources on
computational fluency as part of investigationaI curricula.
Moreover, the literature that is available is focused on early (elementary
grades) computation and number sense topics. Few articles are available that have
studied these areas at the middle or high school level.
In addition, the current curriculum being used in Highline School District does

not fully satisfy the new state standards in the area of computational fluency. As such
this project is intended to be used as an aid in the implementation of efficient
instruction that is aimed at facilitating the acquisition of required skills to succeed in
mathematics.
With the exception of the lessons for the "Data Distribution" units, all lessons
for the Math 7 cmTiculum have been implemented at Pacific Middle School.
"Variables and Patterns" a seventh grade unit, is now being taught at the elementary
level in grade six, therefore it is not included in the guides. Not all of the lessons for
the Math 8 curriculum were ready in time to implement this school year. Of those
lessons that were ready most have been implemented.
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Although there is at this time no empirical data to quantitative investigate the
impact of this project on computational fluency, preliminary results of implementing
these lessons show that there is some observable differences in the students affect
towards mathematics and their ability to understand. In addition, test scores at the
winter testing window were significantly higher than the expected growth.
The lessons have been carefully aligned to the standards that are being
addressed in the CMP 2 investigations. They are intended to be a guide, a
recommendation of what topics can serve as anticipatory sets for the lessons.
However, it is the intent of the project that the decision of what lesson to use with
each lesson is left up to the implementing teacher. There is opportunity to use these
lessons in a variety of ways and the decision of its implementation is left up to the
professional discretion of the teacher.

Conclusions

Upon completion of this project it is evident that students in the Highline
School District, as in Washington State in general, are not adequately proficient in
computational fluency. This is evident in the test scores and in the rigor that students
can maintain during instruction. See Appendix A.
Although the math wars may be in the past it is without question that an ideal
curriculum is still lacking. Investigational approach curriculums lack the drill and
practice that accounted for the fluency piece of the curriculum of the eighties, while
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direct instruction methods lack the mathematical understanding needed in today's
careers. In order for Washington students to have a competitive edge in tomorrow's
job markets changes need to be made to the way mathematics is taught. The CMP 2
curriculum, when implemented as the authors intend, is capable of bridging some of
the gaps, however, it is not a stand-alone curriculum and as such needs to be
supplemented to increase to computational fluency.

Recommendations
It is recommended that teacher's who are planning to use these guidelines in

their instruction review the recommended Groundworks lessons and make changes as
they see fit. It would serve the project to have input from teachers in other school
districts who use the CMP 2 cmTiculum but follow a different pacing guide and unit
schedule and who may feel that the lessons selected should be presented in a different
order.
In addition, CMP 2 is a sixth to eighth grade curriculum and as such this
project is not complete since it is lacking lesson alignment for the sixth grade units. It
is recommended that a sixth grade teacher, or consortium of teachers, who are
familiar with the curriculum and become familiar with the Groundworks materials,
work to develop the missing guides.
Other possible changes to the project can include selecting lessons to use as
formative assessments in the progression of learning of middle school students.

48

Finally, the Groundworks materials are available for grades three to seven and
a similar process can be undertaken to supplement the elementary (K-5) cmTiculum,
Investigations in Data Time and Space, which is utilized by Highline Schools. This
curriculum is grounded in the same principals as CMP 2 and have the same
limitations as that they lack sufficient practice opportunities. Developing alignment
guides for a K-8 program would satisfy the Washington State K-12 Mathematics
Standards and would serve to create the necessary computational fluency that is
needed for success in high school, college and beyond.
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APPENDIX A
State Testing Data

2008-09 W ASL Results: Highline School District

2008-09 WASL Results: Washington State

Table 2. 2008-09 WASL Results for Highline School District.

Table I. 2008-09 WASL Results for the State of Washington.
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Graph 2. Trend in math scores 2006-2007. 2007-2008,
2008-2009 for Highline School District.

Graph I. Trend in math scores 2006-2007. 2007-2008,
2008-2009 for the state of Washington.

Percent of s•h grade students in the state of Washington
who met standard in Mathematics in 2008-2009:
Asian
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23 .7 %
Black
23.8 % White
51 .7 %

Washington State Report Card, OSPI website:
http://reportcard.ospi.k 12.wa. us
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APPENDIXB
Moss & Pate 1999
Complete quote, page 123:

1. Syntactic versus semantic emphasis in training. The first explanation is that in
middle school mathematics programs too much time is devoted to teaching procedures
for manipulating rational numbers and too little time to teaching their conceptual
meaning; in effect, syntactic knowledge is given precedence over semantic knowledge
(Hiebert & Weame, 1986; Resnick, 1982).
2. Adult- versus child-centered instruction. A second explanation is that teachers take
no account of children's spontaneous attempts to make sense of the rational numbers,
thus discouraging children from attempting to understand these numbers on their own
and encouraging them to adopt an approach based on the rote application of rules
(Confrey, 1994; Kieren, 1992; Mack, 1993).

3. Use of representations in which rational and whole numbers are easily confused. A
third explanation is that, when attempts are made to emphasize meaning in introducing
rational numbers, rational numbers are not sufficiently differentiated from whole
numbers. A particular problem that has been cited in this regard is the use of pie charts
as vehicles for introducing children to fractions (Kerslake, 1986; Kieren, 1995; Mack,
1990; Nunes & Bryant, 1996; Ohlsson, 1988).
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4. Problems with notation. A fourth explanation is that in most middle school
mathematics programs rational number notation is treated as something that is
transparent (i.e., that can simply be given by definition at the outset of a lesson). In
fact, rational number notation-Particularly the notation for decimals- entails significant
problems in its own right. By ignoring these problems, instructors once again make it
harder for children to make sense of the underlying conceptual system (Hiebert, 1992)

